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SSMULTANEOUS AMPLIFICATION AND DETECTION 01 
SPECIFIC DMA SEQUENCES 

Russell Higuchi*, Gavin Bollinger 1 , P. Sean Walsh aad Robert Griffith 

Roche Molecular Systems. Int., 1400 55rd St., Emeryvllk, CA 94C08- 'Chiron Corporation, 1400 5Srd Su. Emeryville, CA 
p^fiOS, ^Corresponding author. 



We have enhanced the polymerase chain 
reaction (PGR) such that specific DNA 
sequences can be detected without open- 
ing the reaction tube. This enhancement 
requires the addition of etMdium bromide 
(EtBr) to a PCR. Since the fluorescence of 
EtBr increases in the presence of double- 
stranded (ds) DNA an increase in fluores- 
cence in such a PGR indicates a positive 
amplification, which can be easily moni- 
tored externally. In fact, amplification can 
be continuously monitored in order to 
follow its progress. The ability to simulta- 
neously amplify specific UNA sequences 
and detect the product of the amplification 
both simplifies and improves PCR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requiring high sample through- 
put 

Although the potential benefits of PCR 1 to. clin- 
ical diagnostics arc well kuowrv 3 5 , it is still not 
widely used in this setting, even though it is 
Font year* iinco thermostable DNA polymer- 
ases* made PCR practical. Some of the reasons for its slow, 
acceptance are high cost, lack of automation of pre^ and 
post-PCR processing steps, and false positive results, from 
carryoycr-contamination. The first two points arc related 
in that labor is the largest contributor to cost at the present 
stage of PCR development. Most current assays require 
some form of "downstream" processing once thermocy- 
dirjg is done in order in determine whether the target 
DNA sequence was- present and has amplified. These 
include DNA hybridation 9 *, gel efct^pboresis with or 
without use of restriction digesrion''.•*. HPLCr, or capillary 
electrophoresis' 0 . These methods are labor-intense, have, 
low throughput, and arc difficult to automate. The third 
point is ako closely related to downstream processing. 
The handling of the PCR product in these downstream 
processes increases the chances that araplified DNA will 
spread through the typing lab, resulting in a .risk of 



carryover" false positives in subsequent testing . 

These downstream processing steps would be elimi- 
nated if specific amplification and detection of amplified 
DNA took place simultaneously within an unopened re- 
action vessel Assays in which such different processes take 
place without, the need to separate reaction components 
have been termed "homogeneous". No truly homoge- 
neous PCR assay has been demonstrated to date, although 
progress towards this end has been reported.- Chehab, « 
at , developed a PCR product detection scheme using 
fluorescent primers that resulted in a fluorescent PCR 
product, AlMc-specific primers, each with different Buo- 
rescent tags, were used to indicate- the genotype of the 
DNA. However, the unincorporated primers must still be 
removed in a do wnstream process in order to visuah>x the 
result Recently, Holland, et at 1 *, developed an assay in 
which the endogenous 5' exdnudease assay of Toq DNA 
polymerase was exploited to cleave a labeled oligonucleo- 
tide probe. The probe would only ckave if PCR axnplifi- 
cation had produced its complementary sequence. In 
order to detect the dcavage products, however, a subse- 
quent process is again needed. . 

We have developed a truly homogeneous assay for PCR 
and PCR product detection based upon the greariy tn- 
creased fluorescence that ethidrara bromide and other 
DNA binding dyes exhibit when they are bound to_ds- 
DNA 14 -' 9 . As outlined in Figure I, a prototype PCR 
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USQBE 1 Prindplc of simultaneous amplification and dclectton of 
PCR product The componenttof a PGR contarinrr^ EtBr that are 
fluorescent are listed— EtBr itself, EtBr bound to other ssDNA or 
daPN A. There is a large fluorescence enhancement when EtBr is 
bound, to DNA and binding is gi-cady enhanced when DNA is 
douhlc-stTanded. After sufficient <n) .cjdcs of PCR. the.net 
increase In dsBNA results in additional EtBr binding, and a net 
increase in total fluctrciccncc 
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BWBSSGe! electrophoresis of PCR amplification products of (he 
human, mtdcar gene, HLA DQa, made in the pretence of 
increasing amounts of EtBr (up to 8 fig/ml). The presence of 
£t»r l«» no obvious effect on she yield or specificity of amplifi- 
cation. 





H05B5E S (A) fluorescence measurement* from PCRs that contain 
0.5 pg/m! EtBr and that are specific for Y-chrotnosoinc repeat 
sequence*. Five replicate PCRs were begun containing each of the 
DN As specified. At each indicated eyde, one of the five replicate 
PCRs for csdi DNA -was removed from thcrmocyding and Hs 
fluorescence measured. Units of fluorescence are arbitrary. (B) 
UV photography of PCR tubes (0.5 ml Eppcndoif -style, polypro- 
pylene micrcKentrifuKC tubes) containing reactions, those scat*, 
rag from 2 ng male DNA and control reactions without any DNA, 
from (A). 



begins with primers that are jungle-stranded DNA (ss- 
DNA), dISTPs. aud DNA polymerase! An' amount of 
dsDNA containing the target sequence (target DNA) is 
also typically present. This amount can vary, depending 
on the application, from single-cell amounts of DNA 17 to 
micrograms per PCR- ®. If EtBr is present, the reagents 
that will fluoresce, in order of increasing fluorescence, are 
free EtBr itself, and EtBr bound to the single-stranded 
DNA primers and to the doubksstratvded target DNA (by- 
its intercalation between the stacked bases of the DNA 
doublc-hcfts). After the first denatu ration cyde, target 
DNA will be largely single-stranded. After a PCR is 
completed, the most significant change is the increase in 
the amount of dsDNA (the PCR- product itself) of up to 
several micrograms. Formerly free EtBr is bound to the 
additional dsDNA, resulting in an increase in fluores- 
cence. There is also some decrease in the amount of 
ssDNA primer, but because the binding of EtBr to ssDNA 
is much less than to dsDNA, the effect of this change on 
the total fluorescence of the sample is small. The fluores- 
cence increase can be measured by directing excitation 
iUumination through the wails of the amplification vessel 
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before and after, or even continuously during, thermocy 
ding. r 



RESULTS 

PCR in the presence of EtBr. In order to assess the 
affect of EtBr in PCR, amplifications of the human HU\ 
DQct gene" were performed with the dye present at 
concentrations from 0.06 to 8.0 |i.g/ml (a typical concen- 
tration of EtBr used in 9taining of nucleic acids following 
get electrophoresis is 0.5 ug/mE). As shown in figure 2, gel 
electrophoresis revealed little or no difference ia the yield 
or quality of the amplification product whether EtBr was 
absent or present at any of these concentrations, indicat- 
ing that EtBr does not inhibit PCR. 

Detection of human Y-efcrontoscHna specific se- 
cpiences. Sequence-specific fluorescence enhancement of 
EtBr as a result of PCR was demonstrated in a series of 
amplifications containing 0.5 ug/ml EtBr and primers 
specific to repeat DNA sequences found on the human 
Y -chromosome 20 These PCRs initially contained cither 
60 ng male. 60 ng female, 2 ng mak human or no DNA. 
Five replkate PCRs were begun for each DNA. After 0. 
17, 21, 24 and 29 cydes of thenuocyding, a PCR for each 
DNA was removed from the thermocyder, and its fluo- 
rescence measured in a spectrofhtorometer and plotted 
vs. amplification cyde number (Fig. 3A). The shape of this 
curve reflects the fact that by the time an increase in 
fluorescence can be detected, the increase in DNA is 
becoming linear and not exponential with cyde number: 
As shown, the fluorescence increased about three-fold 
over the background fluorescence for the PCRs contain- 
ing human male DNA, but did not significantly increase 
for negative control PCRs, which contained either no 
DNA or human female DNA. The more male DNA 
present to begin with — 60 ng versa? 2 ng— the fewer 
cycles were needed Co give a detectable increase in fluo- 
rescence. Gel elearophoresis on the products of these 
amplifications showed that DNA fragments of the ex- 
pected size were made in the male DNA containing 
reactions and that little DN A synthesis took place in the 
control samples. 

In addition, the increase "m. fluorescence was visualized 
by simply laying the completed, unopened PCRs on a UV 
transilhiminatOT and photographing them through a red 
filter. This is shown in figure SB tor the reactions that 
began with 2 ng male DNA and those with no DNA. 

Detection of specific alleles of the human fi-gtobin 
gene. In order to demonstrate that this approach has 
adequate spetifidty to allow genetic screening, a dttcction 
of the sickle-ceil anemia mutation was performed. Figure 
4 shows the fluorescence from completed amplification* 

containing EtBr (0.5 ngttnl) a* detected by photography 

of the reaction tubes on a UV transillarninaior. These 
reactions were performed using primers specific for ci- 
ther the wild-type or sickle-cell mutation of the human 
B-globin gene* . The spedfidty for each allele is imparted 
by placing the sidtk-mutation site at the terminal 3' 
nudeodde of one primer. By using an appropriate primer 
annealing temperature, primer extension— and thus am- 
plification — can take place only if the S' nucleotide of the 
primer i$ complementary to the 3-^obin allele present'" • aa . 

Each pair <rt amplifications shown in Figure 4 consists of 
a reaction with either the wiM-typc allele spedfie (left 
tube) or sickle-alkie sped&c (right tube) primers. Three 
different DNAs were typed: DNA from a homozygous, 
wiid-typc 0-globin individual (AA); from a heterozygous 
sickle S-globin individual (AS); and from a homozygous 
sickle B-globin individual (SS). Each DNA (50 ng genom* 
DNA to start each PGR) was analyzed in triplicate (3 pairs 
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p f reactions each). The DNA .type was reflected in the 
jjatrve fluorescence intensities in each pair of completed 
uroplifications. There was a significant increase in fluores- 
cence only where a p-gtobin allele DNA matched the 
primer set. When measured' on a spectrofluorotneter 
Mat* not shown), this fluorescence was about three times 
j^t present in a PCR where both 0-giobm allcics were 
jfibmatched to the primer set- Gel clcctrophortsw (not 
nftown) established that this increase iri fluorescence was 
due to the synthesis of nearly a microgram of a DNA 
fragment of the expected size for p-globin. There was 
little synthesis of dsDNA in reactions in. which the allele- 
jnednc primer was mismatched to both alleles. 

Continuous naonitorirog of a PGR, Using a fiber optic 
device? it is possible to direct excitation illumination from 
;i jpectrofluorometer to a PCR undergoing thcrmocydiog 
and to return its fluorescence TO the RpcctroftuorometeT. 
The fluorescence readout of such an arrangement, di- 
rected at an EtBr-con raining amplification of Y-chromo- 
somc specific sequences from 25 rig of human male DNA, 
is shown in Figure 5. The readout from a control PCR 
whh no target DNA is also shown. Thirty cycles of PCR 
were monitored for each. 

The fluorescence trace as a function of time clearly 
shows the effect of the thermocyding. Fluorescence inten- 
sity rises and falls inversely wiih temperature- The fluo- 
rescence intensity is minimum at the denaturalion tem- 
perature (94°C) and maximum at Ac annealin ^extension 
temperature (SOX). In the negative-control PCR, these 
fluorescence maxima and minima do not change signifi- 
cantly over the thirty tbennocydes, indicating that there is 
little dsDNA synthesis without the appropriate target 
DNA, and there is little if any Wcaching of EtBr during 
the continuous illumination of the sample. 

In the PCR containing male DNA, the fluorescence 
maxima at the annealing/extension temperature begin to 
increase at about 4000 seconds of therroocycling, and 
continue to increase with time, indicating that dsDNA is 
being produced at a detectable level. Note that the fluo- 
rescence minima at the denaturatioa temperature do not 
significantly increase, presumably because at this temper- 
ature there is no d&DNA for EtBr to bind. Thus the course 
of the amplification is followed by tracking the fluorcs-. 
cence increase at the annealing temperature. Analysis of 
the prod ucts of these two amplifications by gel. electropho- 
resis showed a DNA fragment of the cjqjectcd size for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sample. 

DISCUSSION 

Downstream processes such as hybridization to a se- 
quence-specific probe can enhance tlie specificity of DMA 
dcceiAivu try FCR. The elimination of llvcac processes 
means that' the specificity of this homogeneous assay 
depends solely on ihaL of PCR. In the case of sickle-cell 
ditease, we have shown that PGR alone has sufficient DNA 
sequence Hpcdficky to permit genetic screening. Using 
appropriate amplification conditions, there is little non- 
specific production of dsDNA in the absence of the 
appropriate target allele. 

The spedftdty required to detect pathogens can be 
more or less than that required' to do genetic screening, 
depcodi ng on the number of pathogens in the sample and 
the amount of other DNA that must be taken with the 
sample. A difficult target is HIV, which requires detection 
of a viral genome that can be at the level of a few copies 
per thousands of host cells*. Compared with genetic 
screening, which is performed on cells containing at least 
one copy of the target sequence, HIV detection requires 
both more specificity and the input of mote total 
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(H&iSf5 k UV photography of PCR tubes containing anwCifcauons 
using EtBr uWt are specific to wild-type (A) or licWt (5) alleles of 
the human p-gjobin gene. The left otew* pairof tubes contains 
aBele-spedfic primer* to die wild-type alleles, the right tube 
primers to the sicWe aSele- The photograph was taken after SO 
cycles of PCR, and the input DNAs and the alleles they contain 
are indicated. Fifty iig of DNA was used to begin PGR. Typing 
was done in triplicate (3 pair* of PCRs) for each input DNA. 
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S Continuous, real-time monitoring of a PCR. A fiber optic 
was used W carry excitation light to a PUR in progress and also 
emitted light back to a fluoromctcr (see Experimental Protocol). 
Amplification using human malc-DNA specific primers in a PCR 
starting with 20 ng of human male DNA (top), or In a control 
PCR without DNA {bottom), were monitored. Thirty cycles of 
PCR were followed for each. Tlx temperature cycled between 
94*C (denaturation) and 50*C (annealing and extension}. Note in 
the male DNA PCR,. the cycle {rime) dependent mereasc in 
fluorescence at the armeaBng/estension temperature. 
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DNA—up to microgram amounts— in order to have suf- 
6cicnt numbers of target sequences. This large amount of 
starting DNA in an amplification significantly increases 
the background fluorescence over which any additional 
fluorescence ptoduced by PCR must be detected. An 
additional complication that occurs with targets in low 
copy-number is the formation of the "primer-dimer" 
artifact. This is the result of the extension of one primer 
using the other primer as a template. Although this occurs 
infrequently, once it occurs the extension product is a 
substrate for PCR amplification, and can compete with 
true PCR targets if those targets are rare. The primer- 
dimcr product w of course dsDNA and thus is a potential 
source of false signal in this homogeneous assay. 

To increase FCR specificity and reduce the effect of 
primer-dimer amplification, we are investigating a num- 
ber of approaches, including the use of nested-primer 
amplifications that take place in a single tube 3 , and the 
"hot-start", in which nonspecific amplification is reduced 
by raising the temperature of the reaction before DNA 
synthesis begins 24 . Preliminary results using these ap- 
proaches suggest that primer-dimer is effectively reduced 
and it is possible to detect the increase in EtBr fluores- 
cence in a PCR instigated by a single HIV genome in a 
background of ID 3 cells. With larger numbera of cells, the 
background fluorescence contributed by genomic DNA 
becomes problematic. To reduce this background, it may 
be possible to use sequence-specific DNA-binding dyes 
that can be made to preferentially bind PCR product over 
genomic DNA by incorporating the dye-binding DNA 
sequence into the PCR product through a 5' "add-on" to . 
the oligonucleotide primer". 

We have shown that the detection of fluorescence 
generated by an EtBr-containing PCR is straightforward, 
both once PCR in completed and continuously during 
ihermocydSng. The ease with which automation of spe- 
cific DNA detection, can be accomplished is the most 
promising aspect of this assay. The fluorescence analysis 
of completed PCRsis alrcady^ssiblcwith existing instru- 
mentation in 96-well format**. In this format, the fluores- 
cence in each PCR can be quantitated before, after, and 
even at selected points during therreocycung by moving 
the rack of PCRs to a 96-mierO'WClI plate fluorescence 
reader 40 . 

The instrumentation necessary to continuously monitor 
multiple PCRs simultaneously is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple fiberoptics transmit the excitation light and flu- 
orescent emissions to and from multiple PCR*. The ability 
to monitor multiple PCRs continuously may allow quan- 
titation of target DNA copy number. Figure 3 shows that 
the larger the amount of starting target DNA, the sooner 

Hiiring VC.R a fluorescence increase is detected. Prelimi- 
nary experiments <Wiguchi and DoUinger, manuscript in 
preparation) with continuous monitoring' have shown a 
sensitivity to two-fold differences in initial target DNA 
concentration. 

Conversely, if the number of target molecules is 
known — as it can be in genetic screening-rcontinuous 
monitoring may provide a means of detecting false posi- 
tive and false negative results. With a known number of 
target molecules, a true positive would exhibit detectable 
fluorescence by a predictable number of cycles of PCR. 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts. False negative 
results due to, for example,. inhibition of DNA polymer- 
ase, may be detected by including within each PCR an 
inefriciendy amplifying marker. This marker results in a 
fluorescence increase only after a large number of Cy- 
cles — many more than are necessary to detect a true 
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positive- If a sample fails to have a fluorescence increase 
after this many cycles, inhibition may be suspected. Since, 
in this assay, conclusions are drawn based on the presence 
or absence of. fluorescence signal alone, such controls may 
be important. In any event before any test based on this 
principle is ready for the clinic, an assessment of it* false 
positiveVfalse negative rates will need to be obtained using 
a large number of known satopics- 

In summary, the inclusion in PCR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA amplification from outside 
the PCR tube. In the future, instruments based upon this 
principle may facilitate the more widespread use of PCR, 
in applications that demand the high throughput of 
samples. 

EXPERIMENTAL PROTOCOL 

Human HLA-BQa gene 4ntpHS«auom containing EtBr. 
PCRs were set up in 100 p4 volumes containing lOmMTris-HCl, 
pH 8.3; 50 mM KCl; 4 raM MgC^: 2-5 units of ttui DNA 
polymerase fPerkin-Ehmcr Cctus, Norwalk, CT); 20 pmole cacti 
of human HtA-DQo. ' gene specific oligonucleotide primers 
(Hii6 and CH27 18 and approximately 1<F copies ol DQOi PCR 
product diluted from a previous reaction. Ethidium bromide 
(ElEr; Sigma} wa S used »t the concentrations indicated in Figure 
2. ThennGcyding proceeded for 20 cycles in a mode! 480 
uVermocyeler (Perkm-Elmer Cccus, Nonralk, CT) using a "step- 
cycle" program of 94*C for 1 mimdenaturation and 6vT. for 90 
sec annealing and 72°C for 30 see. extension. 

Y-chromosomc specific PCR. PCRs (100 ul total reaction 
volume) containing U.5 pgftal EtBr were prepared as described 
for HLA-DQa, except vim different primer* and target DNAs. 
These PCRs contained 1 5 pmole each male DN A-spccifie primes 
Y"1. 1 and Vl.2 M , and cither 60 ng male, 60 og female, 2 ng male 
or no human DNA. Thermocycling was 94'C Tor 1 min. and SIFC 
for 1 min using a "step-cycle" prMTam. The number of cycles for 
a sample were as indicated in Figure 3. Fluorescence measure- 
ment is described below. 

Atlefc -specific, human p-giobia pro* PCR. Amplifications of 
100 p-1 volume using 05 (ig/tnl of HBr were prepared »s 
described for HLA-DQet above except with different primers and 
target DNAs. These PCRs contained either, primer pair HOPS/ 
HjJ HA (wBd-type globin spedec primers) ot HGP2/HpMS (s«k- 
Ic-globin specific primers) at 10 pmole «ch primer per PCR. 
These primers were developed by Wu ct aL 21 . Three different 
target. DNA* were used in separate amplifications— 50 ng each of 
human DMA that was homozygous for the sfcklc trait (SS), DMA 
that was heterozygous for the sickle watt (AS), or DNA that was 
homozygous for the w,l. globin (AA). ThcTnwjcyctmg wB For SO 
cycles at 94"C for 1 mm. and 65*0 for 1 mm. usuig a "step-cycte'' 
program. An anneaHng temperature of 55°C bail hcen shown by 
Wu et al. 2 ' to provide allcle-spcrific amplification. Completed 
PCRs were photographed through a red filter (Wratten_23A) 
after placing the reaction tube* amp a model TM-S6 transfflutfti- 
natur (U V-productS San-Gabriel, CA). 

Fluorescence measurement. ■ Fhiore*ce»« mcasurcmen n were 
made on PCRs containing EtBr in a Frooroloe-2 fluorometcr 
(SPEX, Edison, NJ). Excitation was at the 500 nra band with 
about 2 nm bandwidth with a GO 435 nm cut-off filter tMeHes 
Crist, Inc., Irvine. CA) to exclude second-order light. Emitted 
tight was detected at 570 nm with a bandwidth of about 7 nm. An 
OG 530 nm cut-ofT filter Was used to remove the cxatation hght 

ContitHtouA fhwrescenc* monitoring of PCR. Connnuoui 
monitoring of a PCR in progress *ras accomplished using tnC 
spectrofluorometer and settings described ».bovc as well as a 
fiberoptic accessory (SPEX cat no. 1950) to both send excitation 
fight to. and receive emitted light from, a PCR placed m a well oJ 
a model -J30 werrnocyekr (Pcrkin-Elmer Cetus). The probe end 
of the fiberoptic cable was attached with "5 nwtiutc-cpoxy" to tte 
open top of a PCR cube (a 0.5 ml polypropylene centrifuge tub* 
with its cap removed) effectively scaling it The exposed lop <n 
the PCR tube and the end of the fiberoptic cable were shicWca 
from room light and the room lights were kept dimmed during 
■ each run. The monitored FCR was an amplification of V-duo- 
mosome-spedfie repeat sequences as described above, except 
using . an annealing/extension temperature of 5(FC. The reaction 
was covered -with mineral oil (2 drops) to prevent evaporation- 
Tbcrrnocyding- and- fluorescence measurement were started si- 
multaneously. A time-base scan with a 10 second integration Cone 
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to ..is used and the emission signal was ratiocd to' the. excitation 
signal to control for chanftet in ujjht-Kjurcc Intensity. Data were 
Reeled using the draSMOf, version S.5 (SPEX) data system. 
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Trie CD-14 molecule is' expressed on tte surface of 
monocytes and some macrophages. Membrane- 
bound CD-U is a receptor for lipopotysacchajide 
(LPS) complexed to LPS-Binding-Protein (LBP). "me 
concentration of its soluble tbrrn is aitered under 
certain pathological conditions. There is evidence for 
an important role of sCD-14.w)th polytrauma, sepsis, 
burnings and inflammations. 
During septic conditions and acute infections it seems 
to be a prognostic mariner and is therefore of value in 
monitoring these patients. 



IBL offers an EUSA for quantitative determination of 

soluble CD-14 in human serum, -piasma, cell-culture 

supernatants and other biological fluids. 

Assay features: 12x8 determinations 
(microliter strips), 
precoated with a specific 
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2x1 hour incubation, 
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detection limit: 1 ng/ml 
CV: intra- and interassay < 8% 
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SIMULTANEOUS AMPLIFICATION AND DETECTION OF 
SPECIFIC DMA SEQUENCES 

Russell Higuchi*, Gavin Bollinger 1 , P. Sean Walsh and Robert Griffith 
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We have enhanced the polymerase chain 
reaction (PGR) such that specific DNA 
sequences can be detected without open- 
ing the reaction tube. This enhancement 
requires the addition of ethidium bromide 
(EtBr) to a PCR. Since the fluorescence of 
EtBr increases in the presence of double- 
stranded (ds) DNA an increase in fluores- 
cence in such a PGR indicates a positive 
amplification, which can be easily moni- 
tored externally. In fact, amplification can 
be continuously monitored in order to 
follow its progress. The ability to simulta- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PCR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requiring high sample through- 
put 

Although the potential benefit* of PCR 1 to clin- 
ical diagnostics arc well known 3 -*, it is still not 
widely used in this setting, even though it is 
four year* iiuoq thcrnwjstaU* DMA. potyrriei-- 

as«* made PCR practical. Some of the reasons for its slow, 
acceptance are high cost, tact of automation of pre-? and 
post-PCR processing steps, and false positive results, from 
carryovCT-contaniination, The first two points are related 
in that labor is the largest contributor to cost ait die present 
stage of PCR development. Most Current assays require 
some form of "downstream" processing once thermocy- 
ding is done in order io determine whether the target 
DNA sequence was- present and has amplified. These 
include DNA hybridisation 3 -*, gel electrophoresis with or 
without use of restriction digestion*'*, HPLCr, or capillary 
electrophoresis 10 . These methods are labor-intense, have 
low throughput, and are difficult to automate. The third 
point is also closely related to downstream processing. 
The handling of the PCR. product in these downstream 
processes increases the chances that amplified DNA wilt 
spread through the typing lab, resulting in a risk of 



carryover" false positives in subsequent testing . 

These downstream processing steps would be eturii- 
nated if specific amplification and detection of amplified 
DNA took place simultaneously within an unopened re- 
action vessel Assays in. which such different processes take 
place without, the need to separate reaction components 
have been termed 'Ihomogerteous''. No truly hbrnogc- 
rieous PCR assay has been demonstrated to date, although 
progress towards this end has been reported.- Chehab, et 
al.«, developed a PCR product detection scheme using 
fluorescent primers that resulted in a fluorescent PCR 
product AUcfc-speeific primers, each with different fluo- 
rescent tags, were used to indicate the genotype of the 
DNA. However, the unincorporated primers must still be 
removed in a do wnstream process in order to visualize the 
result Recently, Holland, et al. ls , developed an assay, in 
which the endogenous 5 r -cxoBudease assay of Taq DNA 
polymerase was exploited to cleave a labeled oligonucleo- 
tide probe. The probe would only dcave if PCR amplifi- 
cation had produced its complementary sequence. In 
order to detect the cJcavage products, however, a subse- 
quent process is again needed. 

We have developed a truly homogeneous assay for PCR 
and PCR product detection based upon tbc gready la- 
creased fluorescence that ethidhiHi bromide and other 
DNA binding dyes exhibit when they are bound to_ds- 
DNA , ' 1 ~ ,S . As outlined in Figure 1, a prototypic PGR 
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fKVU I Principle of simultaneous amplification and- detection of 
PCR product. Tile components of a PCR containing EtSr that aro 
fluorespeni are listed— EtBr itself, EtBr bound to other ssDN A or 
dsDN A. There is s Jar<*€ fluorescence enhancement when EtBr is 
bound to DNA and binding is greatly enhanced when DNA .is 
double-scrawled. After sufficient <n)..cydcs of PCR. the net 
increase in dsONA results in additional EtBr binding, and » net 
increase in total fluorescence: 
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FSSSbf a Gel electrophoresis of PCS. am pli£ cation products of the 
human, nuclear gene, HLA DQa, made in the pretence of 
increasing amounts of EtBr (up to 8 FLg/mi). The presence of 
EtBr iias no obvious effect on the yield or specificity of amplifi- 
cation. 



A. 





HfiSEffi 3 (A) fluorescence measurement* fVotn PCRs that contain 
0.5 ugfail ElBr and that are specific for Y-cJirotnosonoc repeat 
sequence*. Five replicate PCRs were begun containing each of the 
DNAs specified. At each indicated cyde, one of the five replicate 
PCRs for each DNA -was removed from thcrmocyding and *tt 
fluorescence measured. Unite of fluorescence are arbitrary. (B) 
UV photography of PCR tubes (0,5 ml Eppcndorf-srylc, polypro- 
pylene <ntctv<entrifuRc:tubcs) containing reactions, those start- 
ing from 2 ng male DNA and control reactions without any DNA, 
from (A). 



begins with primers that are single-stranded DNA (ss- 
DNA), dNTPs, and DNA polymerase! An amount of 
cLsDNA containing the target sequence (target DNA) is 
also typically present. This amount can vary, depending 
on the application, from single-cell amounts of DNA lT to 
micrograms per PCR' 8 . If EtBr is present, the reagents 
that will fluoresce, in order of increasing fluorescence, are 
free EtBr itself, and EtBr bound to the single-stranded 
DNA primers and to the double-stranded target DNA (by- 
its intercalation between the stacked bases of the DNA 
dooblc-hciut). After the first denaturation cyde, target 
DNA will be largely single-stranded. After a FCR is 
completed, the most significant change is the increase in 
the amount of dsDNA (the PCR product itself) of up to 
several micrograms. Formerly free EtBr is bound- to the 
additional dsDNA, resulting in an increase in fluores- 
cence. There if also some decrease in the amount of 
ssDNA primer, but because tbe binding of EtBr to ssDNA 
is much less than to dsDNA, the effect of this change on 
the total fluorescence of the sample is small. The fluores- 
cence increase can be measured by directing excitation 
illumination through the walls of- the amplification vessel 
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before and after, or even continuously during, thermocy- 
ding. 



RESULTS 

PCS. in the presence of EtBr. In order to assess the 
affect of EtBr in FCR, amplifications of the human HU 
DQa gene** were performed with the dye present at 
concentrations from 0.06 to 8.0 ng/ml (a tyckaj concen- 
tration °f EtBr used in staining of nucleic acids following 
get electrophoresis is 0.5 u-g/rnf). As shown in Figure 2, gel 
electrophoresis revealed little or no difference in the yield 
or quality of the amplification product whether' EtBr was 
absent or present at any of these concentrations, indicat- 
ing that EtBr does not inhibit PCR. 

Detection of human Y-chromosonra specific se- 
quences- Sequence-specific, fluorescence enhancement of 
EtBr a* a result of PCR was demonstrated in a scries of 
amplifications containing 0.5 Kg/ml EtBr and primers 
specific to repeat DNA sequences found on the human 
Y -chromosome 20 - These PCRs initially contained eidter 
60 ng male, 60 ng female, 2 ng male human or no DNA 
five replicate PCRs were begun for each DNA. After 0, 
17, 21 , 24 and 29 cycles of therniocyding, a PCR for cadi 
DNA was removed from the thermocyder, and its fluo- 
rescence measured in a spectrofiuororneter and plotted 
vs. amplification cyde number (Fig. 3A). The shape of this 
curve reflects the fact that by the time an increase in 
fluorescence can be detected, the increase in DNA is 
becoming linear and not exponential with cyde number. 
As shown, the fluorescence increased about three-fold 
over the background fluorescence for the PCRs Contain- 
ing human male DNA, but did not significantly increase 
for negative control PCRs, which contained either no 
DNA or human female DNA. The more male DNA 
present to begin with— 60 ng versus 2 ng— die fewer 
cycles were needed to give a detectable increase in fluo- 
rescence. Gel electrophoresis oo the products of these 
amplifications showed that DNA fragments of the ex- 
pected size were made in the male DNA containing 
reactions and that tilde DN A synthesis toot place in the 
control samples. 

In addition, the increase in. fluorescence was visualized 
by simply laying the completed, unopened PCRs on a UV 
transuhirninatOT and photographing them through a red 
filter. This is shown in figure SB lor the reactions that 
began with 2 ng male DNA and those with no DNA. 

Pedeetion of specific alleles of the human B-gtobfo 
gene. In order to demonstrate that this approach has 
adequate spedfidty to allow genetic screening, a ejection 
of the sjcklc-cdl anemia mutation was performed. Figure 
4 shows the fluorescence from completed amplifications 

contaiaing EtBr (0.5 jig/ail) « detected, by photography 

of the reaction tubes on a UV Q^nsillmnmator. These 
reactions were performed using- primers specific for ci- 
ther the. wild-type or sickle-ceil mutation of the human 
p^globin gene . The spedfidty for each, allele is imparted 
by placing the sickle-mutation site at the terminal i' 
nucleotide of one primer. By using an appropriate primer 
annealing temperature, primer extension— and thus am- 
plihcation— can take place only if the 5' nuckotide of the 
primer is complementary to the 0-globin aDdc present" x . 

Each jiair of aiBpfincations shown in Figure 4 consists of 
a reaction with either the wild-type allele Spedfic (left 
tube) or skkle-allele specific (right tube) primers. Three 
different DNAs were typed: DNA from a homozygous, 
wHd-typc B-giobin individual (AA); from a heterozygous 
sickle ^-globin individual (AS); and from a homozygous 
sickle B-gioWn individual (SS). Each DNA (50 ng genomic 
DNA to start each PCR) was analyzed m triplicate (3 pairs 
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of reactions each). The DNA .type was reflected in the 
rC j at ivc fluorescence intensities in each pair of completed 
gmpltficatioiis. There was a significant increase in fluores- 
ces only where a fl-globin allele DNA matched the 
primer set. When measured ■ on. a spcctroflnoromctcr 
{data not shown), this fluorescence was about three times 
dtft present in a PCR where both 0-globin alkies were 
mismatched to the primer set. Gel electrophoresis (not 
fl hown) established that this increase in fluorescence was 
due to the synthesis of nearly a microgram of a DNA 
fragment of the expected size for 0-^lobin. There was 
litdc synthesis of dsDNA in reactions in. which the allele- 
spedfic primer was mismatched to both alleles. 

Couttauows motutonag of a PCR, Using a fiber optic 
deviecrH is possible to direct excitation illumination from 
ji spectrofluorometer to a PCR undergoing therm ocycling 
and to return its fluorescence ro the spectroftuoronoeter. 
lie fluorescence readout of such an arrangement, di- 
rected it an EtB r-containing amplification of Y-chromo- 
somc spociric sequences from 25 jig of human male DNA, 
is shown in Figure 5. The readout from a control PCR 
w hh no target DNA is also shown. Thirty cycles of PCR 
were monitored for cach- 

The fluorescence trace as a function of time dearly 
shows the effect of the thermocyding. Fluorescence inten- 
sity rises and fails inversely with temperature. The fluo- 
rescence intensity is minimum at the denaturation tem- 
perature (94"C) and maximum at the annealin ^extension 
temperature (SOX). In the negative-control PCR, these 
fluorescence maxima and minima do not change signifi- 
cantly over the thirty tbcrmocycks, indicating that there is 
Btilc dsDN'A synthesis without the appropriate target 
DNA, and there is little if any bleaching of EtBr during 
the continuous illumination of the sample. 

In the PCR containing male DNA, the fluorescence 
maxima at the annealing/extension temperature begin to 
increase at about 4000 seconds" of therroocycling, and 
continue to increase with time, indicating that dsDNA is 
being produced at a detectable level. Note that the fluo- 
rescence minima at the denaturation temperature do not 
significantly increase, presumably because al this temper- 
ature there is no dsDNA for EtBr to bind. Thus the course 
of the amplification is followed by tracking the fluorcs-. 
cenee increase at the aancaring temperature. Analysis of 
the products of these two amplifications by gel electropho- 
resis showed a DNA fragment of the eicpectcd size for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sample. 

DISCUSSION 

Downstream processes such as hybridization to a se- 
quence-spedfic probe can enhance tlie specifidry of DNA 
deiei.uwu bv PCR. The cfcroioooon of llveac processes 

means that' the specificity of this homogeneous assay 
depends solely on that of FCR. In the case of sickle-cell 
disease, we have shown that PCR akmc has sufficient DNA 
sequence spedfidty to permit genetic scteening. Using 
appropriate amplification conditions, there is little oon- 
spedfic production of dsDNA in the- absence of the 
appropriate target allele. 

The spedfidty required to dct*?ct pathogens can be 
more or less than that required' to do genetic screening, 
depending on the number of pathogens in the samolc and 
the amount of other DNA that must be taken with the 
sample. A difficult target is HIV, which Tcqurra detection 
of a viral genome that can be at the level of a few copies 
per thousands of host cells*. Compared with genetic 
screening, which is performed on cdls containing at least 
one copy of (he target sequence, HIV detection requires 
both more specifidry and the input of mote loral 
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Q UV photography of PCR tubes containing RmpHicatroiis 
using EtBr that art specific to vitd-typc (A) or licfuc (b) atldci of 
the human p-globin gcaie. The kft of each pair of tubes contains 
aUde-specifie primer* to the wild-type afleks, the right tube 
pruaefs to the sicWe attek- The photograph was taken after SO 
cycles of PCR, and the input DNAs and the alleles they contain 
are indicated. Fifty Sg of DNA was used to begin PGR. Typing 
was done in triplicate (S paitt of PCRs) for each input DNA. 
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S Continuous, real-time monitoring of a PCR. A fiber optic 
was oscd » carry excitation light tn a PCR tu progress and also 
emitted light back to a Huoro meter (see Experimental PnXoool). 
Amplification USIOS human malo-DNA specific primers in a PCR 
star&ng with 20 ng of human male DNA {too), or in a control 
PGR without DNA (bottom), were monitored. Thirty cydej of 
PCR were followed for each. The temperature Cycled between 
94«C (denaturation) and 50*C (annealing and extension}. Note in 
the male DNA PCR,. the cycle (tunc) depeoacot increase in 
fluorescence at the anueaBn^extenaion temperature. 
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DM A— «p to microgram amounts™ in order to have suf- 
ficient numbers of target sequences. This large amount of 
starting DNA m an ampljfieatkHi signiticatuly increases 
the background fluorescence over wtucb any- additional 
fluorescence produced by PGR. must be detected. An 
additional complication that occurs with targets in low 
copy-number is the formation of the "primer-dimer" 
artifact. This is the result of the extension of one primer 
using die other primer as a template. Although this occurs 
infrequently, once it occurs the extension product is a 
substrate for PGR amplification, and can compete whh 
true PCR targets if those targets are rare. The primer- 
dimer product is of course dsDNA and thus U a potential 
source of false signal in this homogeneous assay. 

To increase PCR specificity and reduce the effect of 
primer-dimcr amplification, we are investigating a num- 
ber of approaches, including the use of nested-primer 
amplifications that take place in a single tube 8 , and the 
"hot-start", in which nonspecific amplification is reduced 
by raising the temperature of the reaction before DNA 
synthesis begins**. Preliminary results using these ap- 
proaches suggest that prixner-diiwcT is effectively reduced 
and it is possible to detect the increase in EtBr fluores- 
cence in a PCR instigated by a single HIV genome in a 
background of 10* cells. With larger numbers of cells, the 
background fluorescence contributed by genomic DNA 
becomes problematic- To reduce this background, it may 
be possible to use sequence-specific DNA-binding dyes 
that can be made toprcferentiaJry bind PCR product over 
genomic DNA by incorporating the dye-binding DNA 
sequence into the PCR product through a 5' "add-on" to 
the oligonucleotide primer 24 . 

We have shown that the detection of fluorescence 
generated by an EtEr-containing PCR is straightforward, 
both once PGR is completed and continuously during 
ihermocycting. The ease with which automation of spe- 
cific DNA detection can be accomplished is the most 
promising aspect of this assay. The Huorescence analysis 
of completed PCRs is alrcadvpossiblc with existing instru- 
mentation in 96-well format**. In this format, the fluores- 
cence in each PCR can be quantitated before, after, and 
even at selected points during thermocyeiirig by moving 
the rack of PCRs to a 96-microwcll plate fluorescence 
reader 2 *. 

The instrumentation necessary to continuously monitor 
multiple PCRs simultaneously is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple (iberoprics transmit the excitation light and flu- 
orescein emissions to and from multiple PCRs. The ability 
to monitor multiple PCRs continuously may allow quan- 
titation of target DNA copy number. Figure 5 shows that 
the larger the amount of starting target DNA, the sooner 
Hnring PCR a fluorescence increase is detected. Prelimi- 
nary experiments {Higuchi and Dollinger, manuscript in 
preparation) with continuous monitoring have shown a 
sensitivity to two-fold differences in initial target DNA 
concentration. 

Conversely, if the number of target molecules is 
known — as H can be in genetic screening-reontinuous 
monitoring may provide a means pf detecting false posi- 
tive and false negative results. With a known number of 
target molecules, a true positive would exhibit detectable 
fluorescence by a predictable number of cycles of PCR. 
Increases in fluorescence detected before or after (hat 
cycle would indicate potential artifacts. False negative 
results due to, for example,. inhibition of DNA polymer- 
ase, may be detected by including within each PCR an 
inefficiently amplifying marker. This marker results in a 
fluorescence increase only after a large number of cy- 
cles — many more' than are necessary CO detect a true 
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positive. If a sample fails to have a fluorescence increase 
after this many cycles, inhibition may be suspected. Since, 
in this assay, conclusions are drawn based on the presence 
or absence of fluorescence signal alone, such oontrols may 
be important In any event, before any test based Cm this 
principle is ready for the clinic, an assessment of its false 
positive/false negative rates will need to be obtained' using 
a large number of known samples. 

In summary, the inclusion in PCR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA amplification from outside 
the PCR tube. In the future, instruments based upon litis 
principle may facilitate the more widespread use of PCR. 
in applications that demand the high throughput of 
samples. 

EXPERIMENTAL PROTOCOL 

Human HLA-DQw gene 6mpHRoui<H»s containing EtBr, 
PCRs were set up in 100 yd volumes containing 1 0 mM Tris^HCl, 
pH 8.3; 50 mM KCI; 4 mM MgC^: 2.5 units of tag DNA 
pc4yro«T;^ (Perkiii-Ehner Ccrus, Norwalk, CT); 20 piriole each 
of human HLA-DQa gene specific oligonucleotide primers 
imi6 and CH27 19 and approximately W copies of DQfc PGR 
product diluted from a previous reaction. EtouHum bromide 
(EiBr; Sigm-t) was used at the concentrations indicated id Figure 
2. Thcimocyding proceeded for 20 cycles in a mode! 4*0 
thcrmocydcr (Perkin-EJrner Ccuw, Norwalk, CT) using a "stcp- 
cyclc* 1 program of 94*C for 1 mm., deraturation and 6<rC. for 30 
sec. toncafing and 72°C for 30 sec. extension. 

Y-chromosoixM: specific PCS. PCRs (100 (J total reaction 
volume) containing 0.5 pe/rol EtBr were prepared as described 
for HLA-DQa, except with different primers and target DNAs. 
These PCRs contained 1 5 prnolc each male DN A-spcciik primes 
YI.l and Vl.2 40 , and cither 60 ng male, 00 tag female, 2 ng male, 
or no human DNA. Tbermocyclinf* was94°CTpr 1 rnin. and 60?C 
for 1 min using a "stcp-cyde" program. The number of cycles for 
a sample were as indicated in Figure 3. Fluorescence measure- 
ment is described below. 

All c?c -specific, tinman fi-gloWn gene PGR. Amplifications of 
100 |U volume osm£ 0 5 MgAnl of £tBr were prepared as 
described for HLAJltQoi above except with different prime" and 
target DNAs. These PCRs contained either primer pair HOPS' 
H0MA fwiW-trpe g!ob<« specific primers) or MOPMlpHS (sidc- 
le-gtobin specific primers) at 10 pinole each primer per PCR. 
These primers were developed by Wu ct aL 21 . Three different 
target DNA* were tt«4 in separate amplifications— 50 ng each of 
human UNA that was homozygous for the sickle trait (SS), DMA 
that was heterozygous for the sickle wait (AS), or DNA that was 
houifttygoits for Ute'w.t- globin <AA). Thcrmocycfmg w-J4 for 30 
cycles at 94"C for 1 min. and 55"C tor 1 min. using 9 "stcp-cyd£ 
program. An anoeaHng temperature of 55"C bad been shown try 
Wu et al, 2 ' to provide ailcle-spcrifk amplification. Completed 
PCRs were photographed through a red filter (Wra»icn_2SA) 
after placing the reaction tube* aiop a model TM-S6 transiHutfu- 
nacor (UV-producti Sah Gabriel, CA). 

Fhloiescepce meaauremeot. FluorWCeiKC measurement.' were 
roa<U on PCRs containing EtBr in a Fluorolog-2 fluorometer 
fSPEX. Edison, NJ). Excitation was at the 500 nrn band with 
about 2 nm bandwidth with a GO 435 nm cut-off filter jf-MeBes 
Crist, Inc.. Irvine. CA) to exclude second-order light. Eiuruea 
light was detected at 5^0 nm with a bandwidth of about 7 nm. An 
OG 530 cm cut-off filter was used to remove the excitation tyjflt 

ContltHtoua Raorocence monitoring of PGR. Co>>tim»oui 
monitoring of a PCR in progress was accomplished using m« 
specu-ofluorometer and settings described above as well aJ a 
f&eroptie accessory (SPEX cat. no. 1950) to both send exotauoa 
fight to, and reccivt emitted light from, a PCR placed in a well of 
a model 480 iherniocydcr (Pcrkm-Elmer Cetus). Tlic probe end 
Of the fiberoptic cable was attached with "5 mtnutc-cpox)'" to the 
open top of a PCR tube (a 0.5 ml polypropylene centrifuge tube 
with its cap removed) effeaively scaling it. The exposed lop «* 
ihe PCR tube and the end of die fiberoptic cable were shielded 
from room bght and the room lights were kept dimmed during 
• each m»- The monitored PCS was an amplification of Y-cb«> 
rnosomc-spcdftc repeat sequences a» described above, except 
using.an anncaling/extensiori tempera uirc of 50°C. The racoon 
was covered -with njimeiral oil (2 drops) to prevent evaporation- 
T/bcjrnocyding- and- fluorcsccna rocasurcmcnt were started si- 
multaneously. A time-base son witti a 10 second integrarioi)' tunc 
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k m used and the emission signal was ratiocd to' the excitation 
nign.il to control for changes in light-source intensity. pata.wcre 
fleeted using the droJOOOf, version S.5 (SPEX) data system. 
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IMMUNO BIOLOGICAL LABOfiATORlES 



sCD-14 EUSA 



Trauma, Shock and Seps 




The CD-14 molecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-14 is a receptor for lipopolysaccharide 
(LPS) complexed to LPS-8inding-Protein (LBP). The 
concentration of its soluble form is aftered under 
certain pathological conditions. There is evidence for 
an important rote of sCD-14.with pofytrauma. sepsis, 
burnings and inflammations. 
During septic conditions and acute infections it seems 
to be a prognostic marker and is therefore of value in 
monitoring these patients. 



IBL offers an ELISA for quantitative determination of 

soluble CD-14 in human serum, -piasma, cell-culture 

supernatants and other biological fluids. 

Assay features: 12x8 determinations 
(microliter strips), 
precoated with a specific 
monoclonal antibody, 
2x1 hour incubation, 
standard range: 3-96 ng/ml 
detection limit 1 ng/ml 
CV: intra- and interassay < 8% 



For more information call or fax 
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